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RESULTS OF AERC_I_40DYNAMIC HEAT TRANSFER TESTS ON A

O.03-SCALE MODEL (93-0) SIMUIATING THE ELEV0N/ELEYON

GAP AND ELEVON/FUSELAGE INTERFACE REGIONS OF TRE

SPACE SHUTTLE ORBITER IN _E AMES RES_ CENTER

3.5-FOOT mmERs0_c WI_D _ (_58)

by

R. B. Kingsland
Rockwell International, Space Systems Group

ABSTRACT

Results of test 0H58 and pertinent test and model information are

presented in this report. Test 0K58 was performed in the NASA/ARC 3.5-

Foot Hypersonic Wind Tunnel from March 24 through April 21, 1978. Test

objective was to measure detailed elevon/elevon gap and fuselage/elevon

interface heating distribution to verify design heating rates. The model

utilized for G{58 was a .0_-scale simulation of the orbiter elevon/elevon

stub region and an approximately .03-scale representation of the

fuselage/elevon region of the orbiter. The model was instrumented with

static pressure orifices and thermocouples.
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PLOT

SYMBOL

b

C

Co, CI, C2

Cp

CHAN

Haw

Ht

Hw i

hre f

h/href(X.XXX)

L

M_

Pt

NOMENCLATURE

CHAN

HAW

HT

HW

HREF

H/HREF (X. X3C()

LENGTH

MACH

QDOT

QREF

MNEMONIC DESCRIPTION

Thermocouple Portion of Te__@st

thickness of model skin

specific heat of model skin material

constants in curve fit for C over model

wall temperature range

specific heat of air stream (perfect gas

value)

recording-system channel

adiabatic wall enthalpy

freestream total enthalpy

enthalpy based on model wall temperature

for given T/C location at initial time

H heat-transfer coefficient at model wall

for given T/C location

stagnation-point heat-transfer coefficient

for reference sphere

ratio of model heat-transfer coefficient

to heat-transfer coefficient of reference

sphere for Haw/H t _ X.XXX (i.0, 0.9, 0.85)

model reference length

freestreamMach number

heat-transfer rate at model wall for given

T/C location at initial time

stagnation-point heat-transfer rate for

reference sphere at initial time

PT freestream total pressure
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NOMENCLATURE (Continued)

PLOT

SYMBOL

R s

Re®/ft

Re_,L

st (x.xxx)

T

Tt

Ttavg

Tw i

T/C

t

ti

u

W

MNEMONIC

RS

RN/FT

RN/L

REL

SrN NO (X.XXX)

TT

TTAV

TW

T/C NO

TIME

DESCRIPTION

reference sphere radius at model scale

equivalent to 0.305 m (i ft.) for full-
scale vehicle

freestream Reynolds number per foot

nominal Reynolds number per foot x 10 -6

freestream Reynolds number based on model

reference length, L

Stanton number based on freestream flow

conditions and the model heat-transfer

coefficient for Haw/H t - X.XXX(I.0, 0.9,0.85)

temperature

freestream total temperature

average freestream total temperature

model wall temperature for given T/C

location at initial time

thermocoup le

time

initial time (before model insertion into

flow) extrapolated from F(Tw) vs. time

velocity

density of model skin material

CP n
CPN

Pressure Portion of Test

pressure coefficient using measured model

static pressure, freestream static pressure,

and freestream dynamic pressure for orifice n
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PLOT

SYMBOL

_MAX

CPN/CPMA.X

P_

Pn

P/P_

PSTAG

PSTAG/PT 1

P/PSTAG

P/Pt

q_

Re

TO

T_

V_

ct

a S

_e

NOMENCLATURE (Continued)

MNEMONIC

CPMAX

CPN/CPMAX

PINF

PN

P/PINF

PT2

PT2PTI

P/PT2

P/PT

QINF

RN/FT

TO

TINF

VINF

ALPHA-MODEL

ALPHA SECTOR

ELEVON

DESCRIPTION

maximum pressure coefficient, using total

pressure across a normal shock, freestream

static pressure and freestream dynamic

pressure

ratio of model local pressure coefficient

to the stagnation pressure coefficient

test section static pressure

model static pressure for orifice n

ratio of model local pressure to

freestream static pressure

stagnation pressure downstream of a

normal shock

ratio of stagnation pressure behind normal

shock to stagnation pressure forward of

normal shock

ratio of model local pressure to

stagnation pressure behind a normal

shock

ratio of model local pressure to total

pressure

test section dynamic pressure

test section Reynolds No. per foot

test section total temperature

test section static temperature

freestream air velocity

model angle-of-attack

angle of the strut sector

elevon deflection angle
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PLOT

SYMBOL

7

Subscripts

aw

i

PG

s

t

w

1

2

MNEMONIC

GAMMA

MUINF

PHI

RHO

NOMENCLATURE (Concluded)

DESCRIPTION

ratio of specific heats

test section air viscosity

model roll attitude

test section air density

adiabatic wall

initial value before model insertion

into tunnel flow

perfect gas (calorically and

thermally perfect gas)

reference sphere

freestream total condition

wall

freestream

conditions upstream of shock

conditions downstream of shock
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CONFIGURATIONS INVESTIGATED

Model 93-0 is a flat plate with a .O_-scale simulation of the

orbiter elevon-elevon stub region and an approximately .0B-scale simu-

lation of the elevon-fuselage region. The model was instrumented to

measure heating and pressure distributions in and around the elevon-

elevon and elevon-fUselage gap regions with variations of elevon

deflection, flat plate angle-of-attack, Reynolds number and boundary layer

state.

The width of the model was eleven inches and the overall length was

variable. Four different lengths of flat plate ahead of the hinge llne

was used. The flat plate lengths were 3.6, 6, 7.8, and lh.h inches. The

flat plate thickness was .04-scale of the full scale wing thickness on

the wing elevon hinge llne at the center of the elevon-elevon stub. The

elevon-fuselsge gap simulation used this same thickness and was approxi-

mately •0S-scale.

The leading edge wedge is made of 17-_ stainless steel with a 23

degree wedge angle and a 0.010 inch radius.

Side plates were used to give two dimensional flow. The model was

mounted to the side plates which were in turn attached to strut assembly.

The elevon-elevon portion of the model was a .O4-scale reproduction

of the orbiter elevon stub region. The elevon and elevon stub thickness

and chord were simulated. The elevons were deflected to +5 and -i0 degrees

from 0 degrees. This was accomplished with hinge brackets. The elevon-

elevon gap of .02 inches, model scale, was used. The elevon-elevon gap

8



C0NFIGUPATIONS INVESTIGATED (Concluded)

angle used was 7 degrees.

The fuselage-elevon simulation used the same left elevon of the

elevon-elevon simulation plus a partial simulation of the fuselage on the

right side of the stub area. The scale was approximately .03. The fuse-

lage was simulated for 1.5 inches forward of the elevon hinge line and

2 inches above the lower surface of the elevon. The lower fuselage

contour in the elevon area was simulated. The elevon deflections of O,

lO, and -lO degrees were used for the fuselage-elevon simulation. A

fuselage-elevon gap size of O.143 inches was used. A 16 degree elevon gap

angle was used in the fuselage-elevon simulation.

Model 93-0 nomenclature is as follows:

Configuration

FEIT

Variables

_e

L

RN

Elevon-Elevon Simulation Thermocouple

Elevon-Elevon Simulation Pressure

Fuselage-Elevon Simulation Thermocouple

Fuselage-Elevon Simulation Pressure

Elevon Deflection Angle-Degrees

Length of Model-lnches

Reynolds Number

Model Angle-of-Attack



INSTRUMENTATION

Model instrumentation consisted of 5-m/l chromel-constantan thermo-

couples and static pressure orifices. (Tables IV through IX and Figures

2a through 2g give the locations of the instrumentation. )

The thermocouples were installed on 17-4 stainless steel thin-skin

sections of the flat plate lower surface elevon, and fuselage simulations.

The thin-skin thickness was a nominal 0.015 inches within a 0.25 inch

radius of any thermocouple. The actual skin thickness is given in Tables

IV through VI. Each thermocouple has 50 feet of lead so it can be hooked

up to the Junction box at the west end of the test section.

Static pressure measurements were made during separate runs from the

temperature data runs. The pressure orifice locations are generally the

same as the thermocouple locations. _he pressure orifices were connected

to individual transducers via i00 inch lengths of .064" O. D. stainless

steel tubing routed through the side plates and strut assembly. The

transducers were provided by the tunnel.

10



TESTFACILITYDESCHIPTION

The NASA-Ames3.5-foot Hypersonic Wind Tunnel is a closed-circuit,

blowdown-type tunnel capable of operating at nominal Mach numbers of 5, 7,

and i0 at pressures to 1800 psia and temperatures of B4OO°R for run times

to four minutes. The major components of the facility include a gas

storage system where the test gas is stored at 30OO psi, a storage heater

filled with aluminum-oxide pebbles capable of heating the test gas to

3_OO°R, axisymmetric contoured nozzles with exit diameters of 42 inches

for generating the desired Mach number, and a 900,000 ft3 vacuum storage

system which operates to pressures of 0.3 psia. The test section itself

is an open-Jet type enclosed within a chamber approximately 12-feet in

diameter and _O-feet in length, arranged transversally to the flow direc-

tion.

A model support system is provided that can pitch models through an

angle-of-attack range of -20 to +20 degrees, in a vertical plane, about a

fixed point of rotation on the tunnel centerline. This rotation point is

adjustable from 1 to 5 feet from the nozzle exit plane. The model normal-

ly is out of the test stream (strut centerline 37 inches from tunnel

centerline) until the tunnel test conditions are established after which

it is inserted. Insertion time is adjustable to as little as 1/2 second

and models may be inserted at any strut angle.

A high-speed, analog-to-digital data acquisition system is used to

record test data on magnetic tape. The present system is equipped to

measure and record the outputs from 80 transducers in addition to 20

channels of tunnel parameters.

11



..= TEST PROCEDURE

Heat transfer data were obtained by measuringthe temperature rise

over a period of time. The model was injected into the flow in approxi-

mately 1 second and held on tunnel centerline for approximately 1 second.

Temperature measurements and tunnel conditions were recorded on magnetic

tape at O.07-second intervals by the data acquisition system from the

start of model injection to the start of model retraction.

The thermocouple leads were routed from the model through the tunnel

model-injection mechanism, and connected to a Junction box which was wired

directly to a thermocouple reference-temperature (150°F) box. The

Junction box connectors were wrapped with asbestos for heat protection

from the tunnel test-chamber ambient conditions (no freestream flow on

box). Frlor to testing, a thermocouple heat-response check, through the

data-acquisitlon system, was performed on all thermocouples to assure

proper hookup, polarity and response.

Static pressure data were obtained by recording the pressures from

start of model injection until the model was withdrawn from the flow.

Upon examination of the data, it appeared that pressures from some of

the taps on the fuselage side of the model did not stabilize in the test

period. A longer test period was then used, but that seemed to introduce

an effect due to heating. With careful examination of the data, however,

it was possible to find stabilized pressure levels during the run and

before any heating effects. Specific data frame numbers in this

stabilized period were used on the final data presentation. Model time

12



TESTPROCEDUt_ (Concluded)

on tunnel centerllne was tried at 20, lO and 5 seconds. The lO second

period was used through most of the test.

The tubing connecting the pressure orifices with the transducers

was routed through the side plates and down the support system. Some

problems were encountered in leak-checking the orifice-tubing-transducer

system. The system was disconnected Just in front of the transducers and

then leak-checked on both sides. These checks showed no leaks, so the

system was reassembled and assumed to be leak-tight.

t
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DATA REDUCTION*

Thermocouple Data

All test data were reduced at the NASA Ames Research Center using the

data reduction techniques outlined below. The thermocouple data were

reduced using the one-dimensional, thin-_all equation:

dT - m n_t_t (i)

which neglects heat-conductlon losses.

Assuming that W and h are constant and

C - Co + CIT w + CRTw 2 for Tw ranges (2)

the integration of equation (I) for t = ti to t and Tw = Tw i to T w yields

the linear equation:

f(Tw) -- -_n _'T_- _i_" + C-_--w\ aw 2

hcp
= (t - ti) (3)

' bCaw

where it is defined that:

T_w " Haw . Haw H t __(Taw)p G (&)
Cp Ht Cp

- Co +CITAw+C2TA (5)

specific heat at adiabatic _ii temperature

The form of Eq. (3) is f(Tw) = mt + a where m is the slope and a is the

intercept for a straight line if heat-conduction errors are negligible.

Thus, deviations from a straight line can indicate heat-conductlon effects.

Data Reduction section provided by William K. Lockman,
NASA Ames Research Center.

14



DATA REDUCTION (Continued)

The slope, m, of f(T w) vs t from Eq. (3) is computed by a least-

squares, straight-line fit over a finite time interval (approximately one

second) beginning when the model reaches uniform tunnel flow. The value

of the heat-transfer coefficient, h, is then determined from:

WC_wbh - m (6)
Up

Using this value of h, the heat-transfer rate is evaluated at the initial

time, tl, when the model is isothermal at the initial wall enthalpy, Hw i

/ A

= qi = h (Haw-Hw i) _ hilt |Haw H_j\Ht _t (7)

where Haw/H t is the same value used to evaluate h. The resultant value of

is independent of the value of Haw/H t used for both the h and

evaluations.

The reference sphere heating is also evaluated at the initial wall

enthalpy by the method of Fay and Riddel:

qs = hs (Ht " Hwi ) E h s H t 0 - (8)

The model-to-sphere ratio of heat-transfer coefficients is then

determined from Eqs. (7) and (8) as

h [1.0 - Hwi/Ht

h-_ = q_ LHaw/Ht " Hwi/Ht

where qi is constant for all values of Haw/Ht. To determine h/hs for

various values of Haw/H t, the particular value of Haw/H t is substituted

(9)

15



DATA REDUCTION (Continued)

into Eq. (9).

The Stanton number is defined as

h qi (IO)
St _ -- =

pu PU(Haw - Hwi)

where for freestream conditions, Pu = O= V= •

The calculations of the model heating, reference sphere heating, and

Reynolds number included the corrections of NACA report 1135 for

calorically imperfect, thermally perfect air. Keyes' equation for

viscosity was also used for the sphere heating and Reynolds number

computations:

0.0232 x Io -6 T°'5
# =

1 + 22--_°xzo-9/T
T

where the units for T and _ are OR and lb-sec/ft., respectively.

Pressure Data

Calculate CPN/CPMAX

Pn " P_

CP n = q=

CPMAX
PSTAG " Po_

q:o

16



DATA REDUCTION (Concluded)

where:

CP n

CPMA X

CP n

CPMAX

PT2 = PSTAG = (PToo)

Pn - Poo
= or:

PS_tG " P_

Pn

P_

2

i÷
2

7
7 - 1

7+1 Y +

2

+I

M I - y -

- 1

+i

x__j

]7
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TEST : Cii58 ] DATE" 212178
TEST CONDITIONS

MACHNUMBER

7.3

7.3

7.3
I

_7-3

7.3

REYNOLDSNUMBER

(pel foot )

I.0 x 106

.z. 5 ,x. lO 6

3.0 x 106

DYNAMICPRESSURE

(pounds/sq.inch)

1.338

2.006

2.676

STAGNATIONTEMPERATURE

(degweesP_nkine)

4.O13

r,- , -

, --=

_JJ

8.027

15bo

154o

15bo

15bo

1.5_

I

. = =

j, ,

,r

BALANCEUTILIZED:
NONE

COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE:

NF

SF

AF

PM

RM

YM I |

COMMENTS:

. .-- i J_
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TABLE lla (Continued)

OH58 THERMOCOUPLE AND PRESSURE TAP SCHEDULE

R2XA01 ÷ 31 DATASETS -

THERMOCOUPLES -- 1 ÷ 12, 14-+19, 21 ÷ 25, 27 .+ 32

TABLE IV FOR LOCATION

R2XB01 .+ 31 DATASETS -

THERMOCOUPLES -- 75 -+ 88

TABLE VI FOR LOCATION

R2XCI8 .+ 31 DATASETS -

THERMOCOUPLES -- 39 -+ 43, 45 -_ 49, 51 -+ 55, 57 -+ 74

TABLE V FOR LOCATION

R2XD32 -+ 60 DATASETS -

PRESSURE TAPS m i01 -+ 126

TABLE VII FOR LOCATION

R2XE32 -+ 60 DATASETS -

PRESSURE TAPS w 168 + 179

TABLE IX FOR LOCATION

R2XF49 ÷ 60 DATASETS -

PRESSURE TAPS m 132 .+ 136, 138 .+ 142, 144 .+ 148, 150 -+ 167

TABLE VIII FOR LOCATION
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TABLE III. MODEL DIMENSIONAL DATA

MODEL CCMPONENT:

GENERAL DESCRIPTION:

region of the elevon stub.

MODEL SCALE: .04

DRAWING _." SS-HO1890

DIMENS IONS:

Length (Aft of hingeline)

Thickness (At hingeline)

Stub Gap

Gap Angle (Degrees)

ELEVON/ELEVON

.02 scale replica of the orbiter elevons in the

Contour per Downey Mylar 14_lh.l

FULL SCALE MODEL SCALE

2.859

0.777

0.200

7
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TABLE l'l_. MODEL DIMENSIONAL I_TA (Continued)

MODEL C(MPOI{ENT: _JSEIAGE/ELEVON

GENERAL DESCEEP_ION: .03-scale replica of the orbiter fuselage elevon

intersection.

MODEL SCALE:

DBA_ NUMEER:

.o3

SS-H01890

DIMENSIONS: FULL SCALE MODEL SCALE

Fuselage:
Length - Forward of hingeline

Aft of hinge!in e

Height: (Above elevon upper surface
at hingellne

Gap

Elevon

Length - Aft of hingeline

Thickness - At hingeline

-Gap Angle (Degrees)

1.5oo
2.859
1.398

o.lh3

16
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TABLE ill. MGDF_L DIM_,;S!O_I_.L DA_% (Concluded)

MODEL CC:,[POk_NT: FIAT PLATE

GENF_R__L DESC_TiON: A leading edge block and three spacers.

MODEL SCALE: None

DRAkqLNG NUMBER: SS-HO1890

DIN_S_SIONS:

Width

Leading Edge Angle (Degrees)

Thickness (Max.)

Length (From leading edge to hingeline)

L.E. Block

L.E. Block + Spacer -

L.E. Block + Spacer - 5

L.E. Block + Spacer - 6

FUIL SCALE MODELS_

ll.000

23

1.000

3.600 ,

6.ooo
7.800
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TABLE IV. ELEVON AND STUB _{EI_I0CCUPLES

NO.

1

2

3

4

5

6

7

8

9

i0

iI

12-

13

14-

15

16

17

18
*on stub

_ICKNESS

0.023

o.023

o.o23

o.0235

o.o23

o.023

0.0235

o.o23

0.0235

0.0238

0.021

0.020

0.020

0.026

o.o25

0.022

0.0215

NOT

x (1)

2.675

2.284

1.438

i.438

1.2_1

1.055

1.055

O.862

0.668

o.668

0.041

-o.3_5

USED

o.o6o

2.675

2.284

i._38

1.055

z (2)

-o.o14

-0.020

-0.050

-0.015

-o.o36

-0.060

-0.015

-o.oho

-o.o7o

-o.o15

-o.o87

0

0

-o.125

-o.L_5

-o.LP.5

-O.L_5

(I) Distance aft of elevon hingeline.

(2) Distance from stub centerline, positive to the right.

(3) Distance from elevon hingellne, positive above.

34

0.280

0.270

O.t,06

0.126

0.284

0._1

0 .o97

0.288

0.513

0.066

0.556

o.7ho

o._15

o.169

o.Io9

0.001

-0.028

-.... /



TABLE IV. ELEVON AND STUB _TEHMOCOUPLES (Concluded)

27

28

29

3O

31

32

33 --38

T/C SKIN
NO. _ICKNESS

19 0.0].8

20 NOT

21 0.028

22 0.0265

23 0.023

24 0.027

25 0.0].95

26 NOT

0.022

O.O22

o.o215

0.02_

0.0265

O.020

NOT

X

0.668

USED

2.675

2.284

1.438

z.o55

0.668

USED

2.675

2.28_,

i. 438

1.o55

0.668

0.04].

USED

Y
(1) (2)

-0.125

-0.375

-0.375

-0.375

-0.375

-0.37'5

-o. ].82

-o. 196

-o.2].3

-0.222

-0.244

-0.25

Z

-o.o59

o.169

o.zo9

0.001

-0.028

-0.059

0.391

0.43].

O.531

0.586

0.638

0.68].

(3)

(].) Distance aft of elevon hingeline.

(2) Distance from stub centerline, positive to the right.

(3) Distance from elevon hingeline, positive above.

J
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TABLE V. _JSELAGE SIMULATION _EPMOCOUPLES

NO.

39

ho

41

42

43

44

a5

h6

_8

49

5o

51

52

53

54

55

56

57

SKIN

_4ICKNESS

.O206

.0206

.0205

.0205

.o2o6

NOT

.0205

,0206

.0205

.0205

.0205

NOT

,0205

.0206

.0205

.0205

.0205

NOT

.0205

X

2.699

2.293

z.,'437

1.o6k

O. 690

USED

2.699

2.293

z.437

l.O64

o.69o

USED

2.699

2.293

Z. 237

1.064

0.690

USED

2.699

(l)

(i) Distance aft of elevon hingeline.
(2) Distance above elevon lower loft line.

(2)

0.125

0.125

0.125

0.125

0.125

0.375

0.375

0.375

0.375

0.375

0.625

0.625

0.625

0.625

0.625

o.875
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TABLE V. _JSELAGE SIMULATION _HER_OCOUPLES (Concluded)

T/C SKIN
X R

NO. (1) (2)

58

59

60

61

62

63

6_

65

66

67

68

69

70

71

72

73

74

.0205

.0205

•0205

.0205

.0205

.0205

.0205

.020,4

.020_

.0205

.0206

.0201,,

.0204

.0202

.0204

.0205

.0205

2.293

z.437

l.o64

o.69o

o

2.699

2.293

z._37

1.064

0.690

o

2.699

2.293

1._37

z.o64

0.690

0

0.875

0.875

0.875

0.875

0.875

1.115

1.115

Z.125

Z.115

l. .5

]..115

1.375

1.375

1.375

1.375

1.375

l.375

Il) Distance aft of elevon hingellne.2) Distance above elevon lower loft line.
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J_k

_/c
170.

75

76

77

78

79

80

81

82

83

84

85

86

87

88

TABLE Vl. FLAT PIATE LOWER SURFACE TKEBMOCOUPLES

SKIN

THICKNESS

.032

.o32

.o32

•O29

•033

.033

.033

.033

.o33

•O28

.028

.029

•028

.027

>3.6 (3)

0.9

1.5

1.875

_D

2.1

2.7

3.35

3.35

3.35

...... i

_:6.o(3)I _:7.8(3)

o:9 {oo9'.....
1.5 i 1.5

i.875

3.0

_e

(1).......

5=1_._ (3)

0.9

1.875

3.0

b,.5

5.1

5.75

5.75

5.75

6.3

6.9

7.55

7.55

7.55

1.5

1.875

3.0

3.6

7.2

lO.8

12.9

13.5

14.15

14.15

l&. 15

z (2)

0

0

0

0

O

0

0

0

0

0

0

-0.25

0

+0.25

(i) Distance aft of leading edge.

(2) Distance from plate centerline - positive to the right.

(3) Distance elevon hingeline is aft of leading edge.
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TABLE VII. ELEVON PRESSURES

PRESSURE

NO.

lO1

102

1o3

104

lO5

Io6

107

108

109

llO

ill

112

113

ll4

X
(1)

Y
(2)

Z
(3)

P t%l_rP_ X
NO. (Z)

115 o.050

I16 2.627

lit 2.217

118 1.437

119 1.o63

12o o. 69o

121 0.050

122 2.627

123 2.217

124 i. 437

125 1.063

126 0.690

127 - ]-3" NOT

2.705

2.295

2.295

1.437

1.437

1.437

1.o63

1.063

1.o63

0.690

0.690

0.690

0.690

0.050

-o.o13

-0.023

-0.010

-o.o_

-0.026

-0.010

-o.o58

-0.033

-0.013

-o.o68

-0.050

-o.o33

-0.o13

-o.o89

0.280

0.316

0.205

0.410

0.263

o.119

o. _44

0.270

0.102

0.528

0.373

0.227

0.068

0.541

Y
(2)

-o.o89

-o.1_7

-0.162

-0.192

-0.218

-0.205

-0.169

-0.128

-O. 128

-o. 133

-o. 128

-o. 128

USED

Z
(3)

0.292

0.426

o._6_

0.563

0.618

0.673

0.672

O. 132

0.075

-0. 022

-0.053

-o.o79

(i) Distance aft of elevon hingeline.

(2) Distance from stub centerline - positive to the right.

(3) Distance from elevon hingeline - positive above.
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TABLE VIII. _/SELAGE SIMUIATION PRESSUKES

PRESSURE
NO.

132

133

134

135

136

137

138

139

141

143

144

145

lh6

147

148

149

i

X
(!)

2.699

2.293

i.437

1.064

0.690

NOT

2.699

2.293

i.437

1.o64

0.690

NOT

2.699

2.293

1.437

1.064

0.690

NOT

R
(2)

0.125

0.125

0.125

o.125

O.125

USED

0.375

O. 375

0.375

0.375

0.375

UsED

o.625

0.625

o.625

0.625

0.925

USED

?RESSU_E

NO t ....

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

].65

166

167

_ x (1)

2.699

2.293

I i. _37

I 2.699

I 2.293

I 1.437

I 1.O64

I 2.699

I 2.293

l 1.437

1.064

R (2)

0.875

0.875

0.875

0.875

0.875

0.875

1.125

1.125

]..125

1.125

1.125

1.125

1.375

1.375

1.375

1.375

1.375

1.375

(i) Distance aft of elevon hingeline.

(2) Distance above elevon lower loft line.
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TABLEIX. FLATPLATELOWERSURFACEPRESSURES

168

169

170

171

172

173

17_

• 179

176

117

178

179

x (I)
(3) (3) I(3) (3)

_=3.6 T_-6.oi T.=7.8 L=1_.4

o.9

1.5

1.875

m_

2.1

2.7

3.1

0.9

1.5

1.875

3.0

_Q

5.1

5.5

o.9 0.9

1.5 1.5

z.875 1.875

3.o 3.o

3.9 --

5.85 --

-- 3.6

-- 7.2

-- 10.8

6.3 12.9

6.9 13.5

7.3 13.9

Y

(2)

0.25

0.25

o.z5

0.25

O

O

O

0.25

O.25

0

(i) Distance aft of leading edge.

(2) Distance from plate centerline - positive to the right.

(3) Distance elevon hingeline is aft of leading edge.
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Plgure i. General model configuration.
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Figure 2. Continued.
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Figure 3. Continued.
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APPENDIX

TABULATED SOURCE DATA
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